This study examines the seasonal and diurnal variations of carbon dioxide and energy fluxes over three land cover types of Nepal by using the eddy covariance method from March to November 2016. The surface energy balance closures were moderate with the values of about 56%, 61%, and 64% closure at Kirtipur, Simara, and Tarahara sites respectively. The monthly average values of net radiation flux and latent heat flux peaked in August at Kirtipur and Tarahara sites whereas in June at the Simara site respectively. The maximum monthly average measured sensible heat flux was 37 W m −2 , 43.6 W m −2 , and 36.3 W m −2 in April for all the sites whereas soil heat flux was 5.1 W m −2 and 2.9 W m −2 in April for Kirtipur and Simara sites and 6.2 W m −2 in June for the Tarahara site. The magnitude of diurnal peak of net ecosystem CO 2 exchange (NEE) reached up to 11.04 μmol m −2 s −1 at Kirtipur, 15.04 μmol m −2 s −1 at Simara, and 10.44 μmol m −2 s −1 at Tarahara sites respectively. Among the three study sites, the ecosystem at the Kirtipur site was a good carbon source; the ecosystems at Simara and Tarahara sites were low and good carbon sink in the growing season. In addition, all three different land cover ecosystem were carbon source when accounted for the measurement period.
Introduction
Carbon dioxide (CO 2 ) has been recognized as one of the most important greenhouse gases. The increase in the atmospheric concentration of CO 2 due to natural and anthropogenic activities is responsible for the warming of the climate, also termed as "global warming" (Rodda et al. 2016) . The atmospheric concentration of CO 2 has been continuously increasing globally, rising about 48% from a pre-industrial time to present, i.e., 278 ppm in 1750 to 411 ppm in May 2019 (Climate Change: Vital Signs of the Planet 2019). The annual growth rate of CO 2 in the recent decade was observed to be higher than the previously measured decadal rates (Stocker et al. 2013) . The CO 2 exchange between the terrestrial ecosystem and atmosphere is one of the key processes that affect atmospheric CO 2 concentration (Saito et al. 2005) . The increase in atmospheric CO 2 has profound implications for the planet's climate as well as on photosynthesis and the structure and function of plant communities (Woodward 1998; Mielnick et al. 2001 ). Thus, information on the exchange of CO 2 fluxes between atmosphere and ecosystem is necessary to better understand the potential of those ecosystems in reducing the rise in the atmospheric concentration of CO 2 and ultimately mitigating the climate change (Robertson et al. 2000) .
In the ecological processes, energy fluxes are regarded as the most crucial components related to carbon sequestration in terrestrial ecosystems (Baldocchi 1997; Dugas et al. 1999) . The vital ecosystem processes, such as plant photosynthesis and vegetation productivity, are associated with energy fluxes (Hao et al. 2007) . Energy fluxes are key parameters in climate simulations. The seasonal and diurnal variations in surface partitioning of available energy, i.e., the difference between the net radiation (Rn) and soil heat flux, into sensible heat flux (H) and latent heat flux (LE) influence the climatic simulations (Dickinson et al. 1991) . Sensible and latent heat fluxes are key variables in energy and water vapor exchanges between the land surface and atmosphere. They are also the drivers of the Earth's major water, energy, and biogeochemical cycles (Gentine et al. 2012; Xu et al. 2014) . Concurrently, it also governs the evolution and characteristics of the planetary boundary layer, such as its depth, thermodynamic behavior, the surface air temperature, and humidity (Schmid et al. 1991; Beringer and Tapper 2002) . Investigation of energy exchanges in different ecosystems helps to understand the mechanisms that control the carbon cycle and ecosystem processes (Hao et al. 2007) . Therefore, measurements of CO 2 and energy fluxes across the vegetation-atmosphere interface are essential to understand different processes controlling the carbon storage in the vegetative systems.
In the context of Nepal, few studies have been conducted in the field of CO 2 and energy fluxes to know their attributes in the current climate change. The studies on distributions, and the seasonal and diurnal variations of carbon dioxide and land surface energy fluxes (net radiation flux, sensible heat flux, latent heat flux, and soil heat flux) in the southern slope of Himalaya, such as Nepal, have been in a very poor stage until now. So, this study mainly focuses on the analysis of seasonal and diurnal variations of the aforementioned elements along with CO 2 fluxes over three different land cover types of Nepal. Specifically, our study aims to answer the following questions: (a) what is the seasonal and diurnal variation of CO 2 and energy fluxes over three land cover types of Nepal? (b) How can this variability be inter-compared seasonally and on different land cover types of Nepal? 2 Materials and methods
Study sites
The study area comprises three different sites in Nepal, which is a country of contrast with high variation in altitude, climate, and vegetation within the small latitudinal difference. The three study sites where measurements were carried out are Kirtipur, Simara, and Tarahara. Geographically, the Kirtipur site lies in the mid-hills region, whereas Simara and Tarahara sites lie in the lowland region (also called as Terai) of Nepal. Simara and Tarahara sites are typically dominated by subtropical climatic make up and highly influenced by the southwestern monsoon whereas, the temperate climatic condition is found in Kirtipur. The descriptive and figurative information about location, date of establishment, data period, data gaps, and landscape of flux towers of these sites are presented in Table 1 and Fig. 1a and b .
The Kirtipur site is located at 27.68°N latitude and 85.29°E longitude, with an elevation of 1318 m a.s.l. The station lies inside the Tribhuvan University premises in the suburban area of Kathmandu Valley. Sparse trees and scattered buildings can be seen around the station. The grasses and bushes around the station are mainly dominant in the growing season. The main metropolitan area is nearly 1 km far from the station location, whereas the Kirtipur settlement area is within 500 m from the station. From 1971 to 2014, the average minimum and maximum temperatures of 6.6 and 16.9°C with an average annual rainfall of 1666.6 mm were recorded for this site (DHM 2017) . Gautam and Bhattarai (2013) reported that the soil found at this site is a mixture of sand and clays and slightly alkaline in nature. The Simara site is located at 27.16°N latitude and 84.98°E longitude, with an elevation of 137 m a.s.l. The station lies inside the Simara airport premises. Besides the runway of the airport, the area around the station is mainly covered by grassland. The local area around the site has a number of scattered houses and planted trees. From 1971 to 2014, the average minimum and maximum temperature of 18.4 and 30.5°C with an average annual rainfall of 1692.3 mm were recorded for this site (DHM 2017). Khadka et al. (2018) found that the soil at the Simara site was moderately acidic in pH (5.67 ± 0.09), low in organic matter (0.74 ± 0.04%), and available Sulfur (0.8 ± 0.1 ppm). The sand, silt, and clay contents were 24.41 ± 0.59%, 54.57 ± 0.44%, and 21.03 ± 0.32%, respectively and categorized as silt loam and loam in texture.
The Tarahara site is located at 26.70°N latitude, and 87.28°E longitude, with an elevation of 120 m a.s.l. The cropping field surrounds the tower, and crop rotation is the major practice in this area. Major crop species used in the crop rotation are paddy (June-October), wheat (October-March), and maize (March-June). The crop types are the same for the land around the tower at a distance of approximately 300 m (Acharya et al. 2019) . Therefore, the turbulent fluxes from all the directions are homogeneous. From 1971 to 2014, the average minimum and maximum temperatures of 18.6 and 30.1°C with an average annual rainfall of 1794.3 mm were recorded for this site (DHM 2017). Khadka et al. (2017) reported that the soil at the Tarahara site was moderately acidic in nature, and the organic matter (2.80 ± 0.07%) contained 30.32% sand, 48.92% silt, and 20.76% clay.
Micrometeorological measurements
The eddy covariance (EC) systems were set up jointly by the Tribhuvan University, and the Institute of Tibetan Plateau Research, Chinese Academy of Sciences at Simara and Tarahara sites, and a 40-m-tall planetary boundary layer (PBL) tower was set up at the Kirtipur site in order to install the sensors that measure the different meteorological variables.
Relative humidity and air temperature were measured at 40 m, 6 m, and 3 m above the ground level by using a relative humidity sensor (HMP45C, Vaisala) at Kirtipur, Simara, and Tarahara sites respectively. A propeller anemometer (014A-L, Met One) was used to measure the wind speed and wind direction at the same heights. Soil moisture and soil temperature were measured by using temperature probes (Campbell Scientific Inc. Model 109) and a time-domain reflectometry (TDR) system (Campbell Scientific Inc. probe type CS616) respectively at depths of 5, 10, and 20 cm. Hukseflux soil heat flux plates measured the soil heat flux at a depth of 5 cm. Precipitation was recorded at around 0.5 m above the ground level by using tipping rain bucket. The net radiometer (CNR 4, Kipp & Zonen) was installed 1.5 m above the ground level that consisted of upward and downward facing pyrgeometers and pyranometers. Pyrgeometers were used for recording incoming and outgoing longwave radiation whereas pyranometers recorded the incoming and outgoing shortwave radiation (Acharya et al. 2019 ). The net radiometer sensor requires recalibration every 2 years for quality assurance. As the sensors at Kirtipur and Simara stations were installed in February 2016, the data acquisitioned need not go through recalibration. Although, the radiation sensor at Tarahara station was old, and the data recorded by that sensor has already been used by Acharya et al. (2019) in their study, so the data from this station could also be used and analyzed.
Eddy covariance measurements
Eddy covariance towers were installed to measure CO 2 and energy fluxes using the open-path EC method in three different land cover types of Nepal. For all sites, we used an openpath infrared gas analyzer (IRGA, LI7500, LI-COR) to measure the CO 2 and water vapor concentration, and a threedimensional sonic anemometer (CSAT3, Campbell Scientific Inc.) to measure three-dimensional wind velocities and virtual air temperature. These sensors were installed at 40 m, 6 m, and 3 m above the ground level at Kirtipur, Simara, and Tarahara sites respectively. Quantum sensor (LI-190SB, LI-COR) was used to measure the incident photosynthetic active radiation (PAR). In this study, we handled and analyzed the measurements of CO 2 and energy fluxes from March 2016 to November 2016 for all sites.
All these data were recorded with a sampling frequency of 10 Hz. The raw data and the 30-min averaged flux data used in our study were logged by a CR-3000 data logger (Campbell Scientific Inc.) and were stored in a compact flash card. The EC system only corrected effects of air density by using the Webb, Pearman, and Leuning (WPL) correction (Webb et al. 1980) .
It is difficult to determine the accuracy of the turbulent fluxes. Thus, previous studies have compared the results of different devices following an experiment and sonic anemometer designed by Zhang et al. (1986) was recommended for better results (Foken and Oncley 1995) . The CSAT3 device used in our study is a similar device, and both types resulted in excellent agreement (Mauder 2002) . Both CSAT3 and sonic anemometer are classified as type A for their best data quality (Foken and Oncley 1995) . Thus, for the accurate flux measurements, these devices, as well as the classification of the data according to their quality, can be used (Foken et al. 2004 ).
Data processing and gap filling
The half-hourly net ecosystem CO 2 exchange (NEE), LE, and H were recalculated from the high-frequency raw data by using the TK3 software package (Mauder and Foken 2011) . This software has the ability to remove spikes (Mahrt et al. 2012) , planar fit rotation (Wilczak et al. 2001) , crosswind correction of sonic temperature (Liu et al. 2001) , and correct the high and low-frequency losses (Moore 1986 ). A quality file was created for all 30-min averaged data, with a quality flag ranging from 1 to 9 (Foken et al. 2004) . Data with quality flag ranging from 1 to 3 were high-quality data and can be used in fundamental research. Similarly, the data with quality flag ranging from 4 to 6 were the moderate quality data and can be used in long-term observation programs, whereas 6 to 9 were considered the lowest quality data and were excluded . The gaps in the data were about 13.07% for the Kirtipur site, 14.84% for the Simara site, and 19.56% for the Tarahara site during the study period. The data gaps were probably due to system failure, bad quality observations, and data rejection. The online package "Reddyproc" tool developed at the Max Planck Institute for Biogeochemistry, Jena, Germany (Reichstein et al. 2005; Moffat et al. 2007 ) was used for gap filling of flux data. Interpolations, mean diurnal variation, look-up tables, and regression techniques were used to fill the missing data. However, since the data was not available for a long period, we were not able to fill the micrometeorological data and some fluxes data. Thus, the handled and analyzed data contains information gaps (Figs. 3, 5, 7, and 8) . The partitioning of NEE into gross primary production (GPP) and ecosystem respiration (ER) was done by using the regression constructed by plotting nighttime NEE versus soil temperature.
Random error estimation
The direct calculation of the variance of the covariance is a powerful and inclusive method for estimating the random sampling error in EC measurements (Finkelstein and Sims 2001) . Finkelstein and Sims (2001) suggested the methods of flux uncertainty estimation based on raw data and was implemented by Mauder et al. (2013) . We have applied the same methodology to estimate the random error component of representative eddy correlation flux measurements of sensible heat, latent heat, and carbon dioxide over three study sites.
In Fig. 2 the random error is placed in the context of the assigned quality flag for all fluxes. The flagged values are typically associated with larger relative errors, which were in agreement from a meaningful flagging scheme. Except for CO 2 flux at the Tarahara site, highest quality data (flags 1-3) are typically associated with random errors of less than 20%. Medium-quality data (flags 4-6) are typically associated with random errors between 14 and 34%. Lowest quality data (flags 6-9) were considered with even larger errors which are not shown in Fig. 2 because the error quantification itself may become questionable.
Footprint analysis
The representative of the source area or flux footprint is one of the criterion of the quality assessment strategy (Schmid 1997) . We decided to use the model of Kormann and Meixner (2001) since it is an analytical, numerically robust model, including a crosswind distribution, and it is computationally sufficient fast to be applied for every 30-min interval in a long measurement. Land cover map with a 30-m resolution for all the sites was the basis for the footprint analysis. The flux contribution from the target area of interest was 80%, 72%, and 93% for Kirtipur, Simara, and Tarahara sites, respectively.
The footprint result shows that about 80% measured flux is contributed from the vegetation area, rest is contributed from the settlement area at the Kirtipur site. At the Simara site, more than 70% measured flux is from the grassland area, only a few percentages contributed from the built-up and bare areas. Similarly, at the Tarahara site more than 90% measured flux is from cropland and, only a small percentage contributed from shrubland and buildings around observation tower. If a flux contribution from the target type of land use is more than 70%, then it is considered as representative for the respective land use type . Therefore, the footprint estimates confirmed that the measured flux represents the result of suburban, grassland, and cropland ecosystem at Kirtipur, Simara, and Tarahara sites, respectively.
Results

Meteorological conditions
The daily average patterns of air temperature (Ta), soil temperature (Ts 5 cm, 10 cm, and 20 cm), soil moisture (VWC 5 cm, 10 cm, and 20 cm), precipitation, and vapor pressure deficit (VPD), for all the three sites during the study period can be seen in Fig. 3 . The monthly sum of precipitation and averaged values of all other meteorological parameters are presented in Table 2 . The monthly averaged values of air temperature ranged from 17.29 to 25.42°C, 22.3 to 32.32°C
, and 23.16 to 32.72°C at Kirtipur, Simara, and Tarahara sites respectively. The maximum average monthly air temperature was found in August at Kirtipur and Tarahara sites and in June at the Simara site. The minimum air temperature was recorded in November at all sites. The monthly mean patterns of soil temperature (5 cm, 10 cm, and 20 cm) were also similar to air temperature at all the study sites (Fig. 3) .
The pattern of precipitation was almost similar at all the study sites, and the maximum rainfall was received during the growing season (May to September). Kirtipur (425.71 mm) and Simara (682.76 mm) sites received maximum precipitation in July, whereas no precipitation was recorded for both sites in April. Similarly, the Tarahara site received maximum precipitation of 589 mm in June, and no precipitation was recorded in November ( Table 2 ). The soil moisture was found maximum in September at all sites and minimum in April at Kirtipur and Simara site, and in March at the Tarahara site ( Table 2) . All the study sites showed similar trends in soil moisture fluctuations corresponding to rainfall events (Fig.  3) . The monthly mean VPD was found lower during the growing season and reached its maximum in April at all the study sites (Table 2 ).
Energy balance closure
The energy balance closure (EBC) provides the plausibility of fluxes that were measured from the eddy covariance measurement system (Wagle et al. 2015) . The half-hourly data of the study period were used for the calculation of EBC in the presence of all the four parameters (net radiation, latent heat flux, sensible heat flux, and soil heat flux). The canopy storage energy and the energy used in photosynthesis were not taken into consideration during the calculation of EBC. Figure 4 represents the energy closure of three study sites. Specifically, the energy balance closures were moderate with the values of about 56%, 61%, and 64% (the intercepts of 27.4 W m −2 , 15.4 W m −2 , and 31.2 W m −2 , and the coefficient of determination (r 2 ) of 0.78, 0.88, and 0.89) at Kirtipur, Simara, and Tarahara sites, respectively. The regression coefficient statistics of the energy balance closure for all sites is presented in Table 3 . (Table 4 ). The maximum monthly averaged measured sensible heat flux was 37 W m −2 , 43.6 W m −2 , and 36.3 W m −2 in April for all the sites, whereas soil heat flux was 5.1 W m −2 and 2.9 W m −2 in April for Kirtipur and Simara sites, and 6.2 W m −2 in June for the Tarahara site (Table 4) .
Overall, among three study sites, monthly LE was highest at the Tarahara site and lowest at the Kirtipur site. Furthermore, there was no significant difference in net radiation at Simara and Tarahara sites, but the values were higher than the Kirtipur site. The averaged soil heat flux was usually very low at all sites at the monthly scale, with negative values during September to November and small positive values in other months. The Bowen ratio reached its maximum in March for Kirtipur and Simara sites, and in April for the Tarahara site. Similarly, minimum Bowen ratios were observed in July, October, and August for Kirtipur, Simara, and Tarahara sites, respectively, with the average Bowen ratio of 0.46, 0.32, and 0.23 within the study period for the respective sites. Table 2 Monthly average values of air temperature (Ta,°C), soil temperature (Ts 5 cm, 10 cm, 20 cm;°C), soil moisture (VWC 5 cm, 10 cm, 20 cm; %), vapor pressure deficit (VPD, kPa), and monthly precipitation (PPT, mm) for the three study sites during the study period (**missing data due to malfunction of the sensors and power supply)
Months
Study sites Ta (°C) Ts (5 cm) Ts (10 cm) Ts (20 cm) VWC (5 cm) VWC (10 cm) VWC (20 cm ) VPD (kPa) PPT (mm) 
Diurnal and seasonal dynamics of NEE
The diurnal trend of NEE on three land cover types of Nepal from March 2016 to November 2016 is shown in Fig. 6 . The maximum CO 2 uptake rates were observed at around noon during the growing season at all the study sites. Figure 6 shows that NEE were negative after dawn, gradually decreasing to a minimum around noon and then sharply increasing to positive after dusk at all study sites. Considerable variations in the diurnal pattern of NEE were found among the growing season between the three sites. The NEE rates followed the order of Simara > Tarahara > Kirtipur. The magnitude of diurnal peak of NEE reached up to 11.04 μmol m −2 s −1 at the Kirtipur site, 15.04 μmol m −2 s −1 at the Simara site, and 10.44 μmol m −2 s −1 at the Tarahara site, respectively (Fig. 6) . The seasonal variations of the daily average of NEE, ER, and GPP on three land cover types from March 2016 to November 2016 are presented in Fig. 7 . The positive fluxes of NEE represent the loss of CO 2 to the atmosphere (source), whereas negative values indicate net sequestration by the ecosystem (sink). ER represents the net release of CO 2 from the ecosystem to the atmosphere, and GPP represents the net sequestration (sink) by the ecosystem (Rodda et al. 2016) .
During the study period, the magnitude of daily mean values of NEE ranged from − 1.1 to 4.1 g C m −2 day −1 , − 2.4 to 5.2 g C m −2 day −1 , and − 3.5 to 5.1 g C m −2 day −1 at Kirtipur, Simara, and Tarahara sites, respectively ( Table 5 ). The magnitude of daily GPP peaked up to 7.1 g C m −2 day −1 (Day of Year: DOY 185), 9.7 g C m −2 day −1 (DOY 181), and 13.3 g C m −2 day −1 (DOY 155) during June and July at Kirtipur, Simara, and Tarahara sites, respectively ( Table 5 ). The daily average of ER reached up to 7.3 g C m −2 day −1 (DOY 181), 9.3 g C m −2 day −1 (DOY 181), and 13.5 g C m −2 day −1 (DOY 170) during June at Kirtipur, Simara, and Tarahara sites, respectively ( Table 5 ). The monthly sum of NEE ranged from 28 to 80.1 g C m −2 , − 7 to 93.3 g C m −2 , and − 34.7 to 57.6 g C m −2 at Kirtipur, Simara, and Tarahara sites, respectively (Table 5 ).
Seasonal variations of evapotranspiration and water use efficiency
Monthly sum of ET and WUE in Table 6 shows that maximum ET rates were observed in June for the Simara site (109.5 mm) and in August for both Kirtipur (104.2 mm) and Tarahara (139 mm) sites. The value of ET was recorded lowest in March for both Kirtipur (35.1 mm) and Simara (49.9 mm) sites, whereas, in November for the Tarahara (55.5 mm) site. During the study period, the pattern of seasonal change in ET was quite similar for all the study sites; nevertheless, ET rate was highest at the Tarahara site and lowest at the Kirtipur site (Fig. 8 ).
Among the three study sites, the WUE reached its maximum in April (59.6 g C mm −1 ET), August (71.6 g C mm −1 ET), and November (135.1 g C mm −1 ET) at Kirtipur, Simara, and Tarahara sites, respectively. Similarly, WUE was minimum in October (34.9 g C mm −1 ET) for Kirtipur, and in March for both Simara(48.1 g C mm −1 ET) and Tarahara (69.7 g C mm −1 ET) sites. The pattern of seasonal change in WUE was quite similar at all study sites, with the order of Tarahara > Simara > Kirtipur (Fig. 8 ).
Discussions
Energy balance closure
Lack of energy balance closure has been widely reported and remains a subject of ongoing research until date (Wilson et al. 2002; Veenendaal et al. 2004; Li et al. 2005; Foken 2008; Stoy et al. 2013) . In this present study, the energy balance closures were 56%, 61%, and 64% at Kirtipur, Simara, and Tarahara sites, respectively.
For all the site, the Moore and WPL correction increased the LE, whereas Schotanus correction decreased the sensible heat flux. Given the fact that the sums of the two turbulent fluxes are significantly higher than without the corrections. Furthermore, the soil heat flux values were increased when considering the soil heat flux at the ground surface. The measurement of Rn remains unaffected by any correction procedures. Unless these corrections on turbulent and ground heat fluxes were not applied, the energy imbalance would have been much larger (Mauder et al. 2006) .
During the whole measurement period, the experimental imbalances were about 44%, 39%, and 36% of the available energy at Kirtipur, Simara, and Tarahara sites, respectively (Fig. 4) . Although the energy balance closures in these sites were not ideal, compared with the long-term imbalances, which are reported from other experiments (Wilson et al. 2002; Li et al. 2005) , these values of imbalances are relatively high but not extraordinary. Generally, the results suggested that estimate of the scalar turbulent fluxes of sensible and latent heat were underestimated and/or available energy was overestimated. Finally, we laid out the most common reason that contributed to the imbalance of energy, such as random and systematic errors due to the inadequacies of the micrometeorological measurement systems, systematic instrument bias, neglected energy sinks, heterogeneity of the landscape, low and high-frequency loss of turbulent fluxes, and advection of heat and water vapor along with the energy used in photosynthesis were not taken into consideration in this study (Li et al. 2005; Liu et al. 2008; Vourlitis et al. 2008; Cescatti et al. 2012; Bajgain et al. 2018 ). In addition, soil heat flux measurement is disturbed because soil heat flux plate is placed at only one point, which may not be representative of the whole field as the soil structure above the plate is definitely different from the surrounding soil, and the placement of the plate is very close to the surface inhibiting water transport in the soil (Mauder et al. 2006; Acharya et al. 2019 ).
Diurnal and seasonal dynamics of energy fluxes
The diurnal variation of the aforementioned energy flux components showed a linear relationship with the incoming solar radiation as their values were peak during mid-day. The differences in net radiation between the three sites were mainly due to the differences in the albedo of the land surfaces surrounding these three sites, inferring seasonal changes in radiation property. Net radiation was relatively lower in July at all the study sites because this month is characterized by massive clouds with high precipitation and humidity. Both Rn and precipitation were higher at Tarahara and Simara sites, so their counterpart LE was also higher for these sites than the Kirtipur site. During March to May, energy partitioning into latent and sensible heat flux was almost same, whereas energy partitioning into latent heat flux was much higher than sensible heat flux from June to November at all study sites. The latent heat flux was higher than sensible heat flux during the growing season in all the study sites similar to those reported in several previous studies (Liu et al. 2008; Sun et al. 2010; Rodda et al. 2016; Wagle et al. 2016) . This is because during the growing season, as rainfall wets the ground surface, latent heat flux increases (Liu et al. 2008 ). The declining trends of soil heat flux over the growing season at all sites are mainly due to the dense vegetation cover at this season (Wagle and Kakani 2014a) .
The main factor that controls the partitioning of the available energy was soil moisture in combination with low VPD effects on LE during the wet months. The opposite was true for the drier months when H dominated (Odongo et al. 2016) . Precipitation sensitive ecosystem has typical characteristics in shifting the partitioning of available energy into H and LE, whereby limited precipitation causes a decrease in soil moisture, resulting to decrease in the evaporation component of LE (Chen et al. 2009 ). Meanwhile, higher VPD with high temperature and net radiation causes the reduction in the stomatal conduction of the foliage, resulting in a reduction in the transpiration component of LE (Odongo et al. 2016) . LE was the dominant turbulent flux on the seasonal scale, and the contribution of soil heat flux was very less in energy partitioning. Hence, it can be concluded that the energy partitioning is more sensitive to the climatic factors.
Diurnal and seasonal dynamics of NEE
In this study, the maximum CO 2 uptake rates were observed for all sites during noon due to the peak photosynthetic activity. At all the study sites, the CO 2 uptake rates were higher as the plant grew, reaching their maximum values during the peak growth and gradually lowered after the growing season due to the vegetation senescence (Bajgain et al. 2018) . The difference in CO 2 uptake rates observed in these three study sites was due to the different land cover types with contrast in their surrounding vegetations. The magnitudes of diurnal variation of NEE were largest in August at Kirtipur and Tarahara sites and in October at the Simara site. The observed NEE rates were highest during peak growing season because in this season, aboveground biomass is dense and photosynthetic activities of plants are higher. The maximum CO 2 uptake rates observed at three study sites were within the range reported previously in different grassland and cropland areas. For example, these maximum CO 2 uptake rates were 5-14 μmol m −2 s −1 on northern temperate grassland near Lethbridge, Alberta, Canada (Flanagan et al. 2002) ; 6-13 μmol m −2 s −1 on natural Agropyron-Koeleria grassland (Ripley and Saugier 1978) ; and 15.5 μmol m −2 s −1 on the southern plains prairie, North America (Sims and Bradford 2001) . In addition, the maximum CO 2 uptake rate reported on cropland and degraded grassland surface in a semi-arid area of Northeastern China were 17.81 μmol m −2 s −1 and 13.36 μmol m −2 s −1 (Liu et al. 2008) , respectively. The maximum CO 2 uptake rates observed in our sites were lower than values reported for Switchgrass (36.9 μmol m −2 s −1 ) and Sorghum (29.6 μmol m −2 s −1 ) in the southcentral research station, Chikasa (Wagle et al. 2015) .
During the growing season, the fluctuations in the value of GPP were higher at all the study sites, which may be due to the less availability of photosynthetic radiation because of cloudy and rainy days. Furthermore, the pattern of seasonal variation of ER was fairly similar to GPP at all the study sites. The minimum values for daily averaged NEE (as aforementioned in Section 3.4) were small as compared with previous studies conducted at many croplands and grasslands, as mentioned in the earlier paragraph. Figure 7 shows that the daily averaged NEE was mostly positive at all the days during the study period at the Kirtipur site, indicating that the ecosystem at this site is a source for CO 2 . The ecosystem at the Kirtipur site was carbon source for almost all days during the study period and even in the growing season. This could be due to its suburban locality, where the main sources of CO 2 could be the consumption of fossil fuels and other anthropogenic activities. This result is in agreement with many previous studies that were carried out in other suburban areas which reported that CO 2 flux was positive throughout the day and year in such areas (Moriwaki and Kanda 2004; Ward et al. 2015) . The suburban Kirtipur site has a combination of building areas and vegetation cover where the level of anthropogenic and biogenic activities determines and controls the fluxes (Ward et al. 2015) . The photosynthetic uptake is greatest at the noon of the growing season days associated with maximal PAR. The pattern of diurnal CO 2 fluxes is also similar to the other two sites. Despite the suburban vegetation cover at this site, the net daily flux is usually positive. Hence, suburban vegetation did not have enough potential to reduce the overall release of CO 2 at the Kirtipur site, however, plays a key role for compensating the anthropogenic impact.
The daily averaged NEE was positive throughout the majority of days and negative during the growing season at Simara and Tarahara sites, suggesting that the ecosystem at these two sites are a source of CO 2 except for the growing season. During the growing season, photosynthetic activities are rapid than respiration for the growths of green leaves and aboveground biomass (Wagle and Kakani 2014b) .
Among the three study sites, the ecosystem at the Simara site was net carbon sink in June, August, October, and November, whereas the ecosystem at the Tarahara site was a net carbon sink from August to November. The ecosystem at the Kirtipur site was a carbon source even in the growing season. Hence, the difference in carbon fluxes between three sites suggests that the carbon sink potential of the Simara site was smaller than the Tarahara site during the growing season. Consequently, the ecosystems of all the study sites were carbon source when accounted by offsetting the growing season carbon sink magnitude for the studied time scale. 
Seasonal variations of evapotranspiration and water use efficiency
Over the entire study period, ET was found in the order of Tarahara > Simara > Kirtipur. This could be because the precipitation at the Simara site was higher than that of the Kirtipur site and lower than the Tarahara site. Moreover, higher precipitation favors the canopy development at the Tarahara site and least at the Kirtipur site, which also impacted ET rates at these sites. This result is in agreement with the previous study which demonstrated that precipitation and canopy development greatly affected the magnitude of ET (Wagle et al. 2016) . At all the study sites, ET rates showed a clear pattern of seasonality, increasing with plant growth and maximum ET rates during the growing season when plant growth is peaked (Wagle et al. 2016) . During the study period, WUE at the Simara site was lower than that of the Tarahara site but higher than the Kirtipur site. This result shows that the Kirtipur site was slightly more efficient than the Simara site, and both Kirtipur and Simara sites were more efficient than the Tarahara site when using water to gain carbon. Usually, WUE was found higher during the growing season when plant growth reached its peak as full canopy closure reduces the amount of radiation reaching the ground surface which ultimately reduces soil evaporation (Wagle et al. 2016 ).
Conclusion
This study provides information about the seasonal and diurnal variations of carbon dioxide and energy fluxes over three land cover types of Nepal. For this purpose, carbon dioxide and energy fluxes were measured from March 2016 to November 2016 by using the eddy covariance method. The energy balance closures, which provides the plausibility of fluxes that were measured from the eddy covariance measurement system (Wagle et al. 2015) , were found to be 56%, 61%, and 64% at Kirtipur, Simara, and Tarahara sites, respectively. Although, energy balance closures for these sites were not ideal; yet, the obtained values were within the ranges that were reported in previous studies (Wilson et al. 2002; Li et al. 2005) . The main factor that controls the partitioning of the available energy was soil moisture in combination with low VPD effects on LE during the wet months. The opposite was true for the drier months when H dominated (Odongo et al. 2016 ). Also, it was observed that energy partitioning is more sensitive to climatic factors. LE was the dominant turbulent flux on the seasonal scale, and the contribution of soil heat flux was very less in energy partitioning.
Among the three study sites, the ecosystem at the Tarahara site was a good carbon sink; the ecosystem at the Simara site was a small carbon sink whereas the ecosystem at the Kirtipur site was a carbon source in the growing season. All three different land cover ecosystems were carbon source when accounted for the annual time scale. This research will pave to ease the fellow researchers to identify the potential carbon sinks and sources in the study region. Furthermore, when evaluated in and for long terms, this kind of research will definitely help in building a consensus and consortium, which provides a base of trustworthy eddy covariance datasets to represent ecosystem dynamics, in whichever scale the intended research may indicate towards. Open Access This article is distributed under the terms of the Creative Comm ons Attribution 4.0 International License (http:// creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
